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Abstract: Selenium (Se) is an essential nutritional element and its presence has a crucial role in fortification of crops. The 
aim of the work was to investigate the possible use of selenium nanoparticles (SeNPs) in the mitigation of salinity stress on 
basil (Ocimum basilicum L.) seedlings. Non-enzymatic compounds, enzymatic activity and malondialdehyde (MDA) as 
indicator of lipid peroxidation products were quantified under the influence of SeNPs and two concentrations of NaCl (50 
mM and 100 mM) applied singular or combined. The activity of antioxidant enzymes in O. basilicum seedlings was 
generally lower in the control regardless of the treatment applied singular or combined. The same decreasing trend was 
noted in the case of total polyphenols and MDA content. On the other hand, both combined treatments stimulated the 
soluble protein content in relation to the single variant, the increase being more pronounced at 50mM + SeNPs in respect 




Sal stress conditions are known to affect plants physiological and biochemical potential, which in turn affect 
crops primary and secondary metabolism (Hebbara et al., 2003; Hendawy and Khalid, 2005). Salinity is one of the world 
environmental and agricultural constraints to crop production that not only delays, but also decreases germination of most 
crops. Lower levels of salinity delay germination, whereas higher levels reduce the final percentage of seed germination 
(Ghoulam and Fares, 2001). High saline sodic condition affects field and horticultural crops performance particularly in 
arid and semi-arid regions of the world (Grigore et al., 2014; Grigore and Toma, 2017). On the other hand salinity hinders 
plant development and diminishes plant growth.  
The sweet or common basil, O. basilicum L. is the most important species of the genus Ocimum which belongs 
to Lamiaceae family. Basils (“king of the herbs”), especially the sweet basil, are commonly used in gastronomy and oral 
health care (Baritaux et al. 1992; Khatri et al., 1995; Sajjadi, 2006). Although traditionally used as a medicinal herb to treat 
various conditions, basil has a long history as a culinary herb due to its foliage, which adds a distinctive flavour to many 
foods (Labra et al., 2004). Since these plants are quite rich in essential oils, they are commonly produced for economic 
purposes such as diuretic in pharmaceutics or as fragrance in cosmetics (Caliskan et al., 2017). Basil is popular among 
consumers year-round and controlled environmental conditions enabling stable production worldwide (Park et al., 2016, 
Oprica, 2016).  
Selenium (Se) is an essential nutritional element, but excessive Se can be toxic to animals and humans. Selenium 
can exist in the (+6), (+4), (0), and (-2) oxidation states, the major feature of Se chemistry that affects the Se solubility and 
movement in nature. In waters, dissolved inorganic Se is normally present as (+6) selenate (SeO42-) and as (+4) selenite 
(SeO42-) (Long et al., 1990). However it is first removed from soils by plants and soil microorganisms, which can take it 
into their proteins and produce volatile forms such as dimethyl selenide (El-Ramady Hassan et al., 2014). The obtained 
SeNP are reported as novel compounds with excellent antioxidant properties and lower cellular toxicity compared with 
other selenospecies (Estevez et al., 2014). In addition, results of Heba and Ibrahim, (2014, indicate that Se 
pretreatment enhanced tolerance of wheat plants against drought oxidative stress through modulation of 
the plant’s antioxidant system. 
Due to the distinctive properties of Se nanoparticles (SeNP), there is inquisitiveness in its synthesis for 
nanotechnology applications. SeNP have been exploited for medical purposes such as antimicrobial, antifungal and 
anticancer. The nanoform of Se can be used for various applications due to its advantages over the bulk form such as low 
toxicity, better reactivity, and low dosage (Chhabria and Desai, 2016). 
 Studies have highlighted that Se can offset the damaging effects of abiotic stress, such as drought 
(Hasanuzzaman and Fujita, 2011), High-Temperature (Djanaguiraman et al., 2010) and heavy metals (Tedeschini et al., 
2015, Kumar et al., 2012), UV-B (Yao et al., 2013, Mostafa and Hassan, 2015), salinity (Ardebili et al., 2014, Diao et al., 
2014). Using antioxidants up-regulation and its enzymes, Se exposure has been linked at optimal levels to the reduction of 
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various reactive oxygen species (ROS) (Feng et al., 2013), inhibition of uptake and translocation of heavy metals, changing 
in heavy metals speciation and rebuilding of cell membrane, chloroplast structures as well as recovery of the photosynthetic 
system. 
On the other hand, Hussein and Abou-Baker, (2018), showed that the foliar application of nano-Zn led to 
mitigate the adverse effect of salinity of the cotton plants which were irrigated with diluted seawater. In addition, the results 
of Shalaby et al., (2017), showed that Se addition mitigated the detrimental effect of salinity on lettuce growth and its 
development. 
Therefore in this context, the aim of this study was to report a novel approach in using Se-NPs under abiotic 
stress. The study also provides an estimation of the response of enzymatic and non-enzymatic antioxidant defense system 
in O. basilicum to Se-NPs application under salinity condition. 
 
MATERIAL AND METHODS 
 
2.1. Experimental design of plant materials and growth conditions 
 
Study of Ocimum basilicum seedlings tolerance to salinity and responses to SeNPswas conducted in laboratory 
conditions, based on completely randomized design with three replications. Sweet basil seeds used in the present 
experiments were supplied from Agricultural Research and Development Station, Secuieni Neamt. Intact seeds, which were 
homogeneous and identical in size and colour, and free from wrinkles, were chosen. These seeds were sterilized with 10% 
sodium hypochlorite for 30 seconds and then were washed with sterile distilled water.  
 
2.2. Treatment of biological material 
 
Twenty-five seeds of Ocimum basilicum were placed for 4 hours in distilled water solutions and 100μM 
Selenium nanoparticles (SeNPs) solution (which was prepared at our partner V.F.Kuprevich Institute of Experimental 
Botany of the National Academy of Sciences of Belarus). 
After application of this pre-treatment, the seeds were placed in Petri dishes and watered with water for 7 days. Treatments 
with selenium nanoparticles and NaCl solution (50 mM, 100 mM) were applied singular or combined, on the sweet basil 







Table 1. Description of SeNPs and saline solution treatments applied singular or combined 
 
Variants Treatment 
Control Water only 
SeNPs Watered only with SeNPs solution 
50 mM NaCl Watered only with saline solution 
50mM NaCl + SeNPs Watered with saline solution and nanoparticle solution (1: 1) 
100 mM NaCl Watered only with saline solution 
100mM NaCl + SeNPs Watered with saline solution and nanoparticle solution (1: 1) 
 
2.3. Oxidative stress index 
Malondialdehyde (MDA) as indicator of lipid peroxidation products was quantified in enzymatic extracts 
according to the method described by Hodges et al. (1999). One ml of the enzymatic supernatant was mixed with 2 ml of 
0.5% thiobarbituric acid (TBA) solution (in 10% TCA). The mixture was kept at 95 °C for 60 min, and cooled at room 
temperature, then centrifuged at 12.000 rpm for 10 min to remove the interfering substances. Absorbance was read at 
532 nm using UV–Vis spectrophotometer. 
 
2.4. Antioxidant system 
2.4.1. Non enzymatic constituent 
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Total polyphenol content assay  
The total polyphenols content was determined by using a modified Folin-Ciocalteau method Singleton et al., 
(1999). The absorbance of resulting bleu-colored solution was read at 765 nm after two hours, against the blank (distilled 
water). The amount of the total polyphenolic content was expressed as mg gallic acid equivalent (mg GAE/g DW) (R2 = 
0.99). Three readings were taken for each sample and the result averaged.  
 
2.4.2. Antioxidant enzymes 
Preparation of enzyme extracts 
16-days old seedlings sample was homogenized with 0.1 M phosphate buffer (pH=7.5). After that the 
homogenates were centrifuged at 15,000 × g for 15 min at 4°C, and the supernatants were used for enzyme assays.  
 2.4.2.1. Superoxide dismutase (SOD) activity was estimated by recording the decrease in absorbance of 
superoxide-nitroblue tetrazolium complex by the enzyme (Winterbourn et al., 1975). About 3 ml of reaction mixture, 
containing 0.1 ml of 1.5 mM nitroblue tetrazolium (NBT), 0.2 ml of 0.1 M EDTA, 2.55 ml of 0.067 M potassium phosphate 
buffer, and 0.01 ml of enzyme extraction, were taken in test tubes in duplicate from each enzyme sample. One tube without 
enzyme extract was taken as control. The reaction was started by adding 0.05 ml of 0.12 mM riboflavin and placing the 
tubes below a light source of 215 W florescent lamps for 5 min. The reaction was stopped by switching off the light and 
covering the tubes with black cloth. Tubes without enzyme developed maximal color. A non-irradiated complete reaction 
mixture, which did not develop color, served as blank. Absorbance was recorded at 560 nm and 1 unit of enzyme activity 
was taken as the quantity of enzyme that reduced the absorbance reading of samples to 50% in comparison with tubes 
lacking enzymes.  
 2.4.2.2. Peroxidase (POD) activity was determined spectrophotometrically by measuring the oxidation of o-
dianisidine (3, 30-dimethoxybenzidine) at 540 nm (Möller and Ottolenghi, 1966) with slight modification. The reaction 
was started by adding 0.1 H2O2 0.05% on mixture reaction containing 0.2 ml of enzyme extraction, 0.8 ml distilled water 
and 1.5 ml 1% o-dianisidine. After 5 min. the reaction was stopped with 2.5 ml H2SO4 50%. One unit of POD activity was 
expressed as the amount of enzyme that produced a change of 1.0 absorbance per min. 
2.4.2.3. Catalase (CAT) activity was measured according to the method described by Sinha, (1942). Briefly, the 
assay mixture consisted of 0.4 ml phosphate buffer (0.01 M, pH 7.0), 0.5 ml hydrogen peroxide (0.16 M) and 0.1 ml 
enzymatic extract in a final volume of 3.0 ml. About 2 ml dichromate acetic acid reagent was added in 1 mL of reaction 
mixture, boiled for 10 min, cooled. Changes in absorbance were recorded at 570 nm. CAT activity was expressed as the 
amount of enzyme needed to reduce 1 µmol of H2O2 per min. The activity of these enzymes (SOD, POD and CAT) was 
expressed as unit per mg proteins (U/mg protein). 
The determination of soluble protein content was determined according to Bradford method (1976) with bovine 
serum albumin as standard. Thus, this assay is refers to the binding of Coomassie Brilliant Blue G-250 at aromatic amino 
acid radicals and measuring the colour at 595nm. 
Statistical analysis.  All experiments were carried out with three independent repetitions and the results were 
expressed as the mean values ± standard deviation (STDEV).  
 
RESULTS AND DISCUSSIONS 
 
In the conducted study, heterogeneous responses regarding the growth (Fig.1) and activity 
of antioxidant defense system determined on O. basilicum 14 days old seedlings were obtained as 
a result of saline treatments with different concentrations of NaCl and a solution of 100 μM SeNPs 
(Figure 2, 3 , 4). 
● All treatments, singular and combined applied to O. basilicum seedlings determined a 
decrease in SOD activity in comparison with plants control. There is about a half (45%) reduction 
in SOD activity in SeNPs treatment applied to seedlings (Figure 2). Singular treatments with 50mM 
NaCl indicated a comparable SOD activity like in the control. Interestingly, this enzyme activity 
was reduced by half (46%) in 100mM NaCl treatments. Enrichment of medium of basil seedlings 
with SeNPs reduced the SOD activity compared with control with 46% (50mM+SeNPs) and 56% 
(100mM+SeNPs).  
 ● Catalase, enzyme involved in the removal of reactive oxygen species (ROS), converts 
H2O2, which results from reaction catalyzed by SOD, in H2O and O2 in peroxisomes. Treatments 
applied to the species O. basilicum lead to an extremely low activity in singular treatment with 
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SeNPs, the decrease being of 83% compared to control (Figure 3). Combined treatments 
determined an increase comparatively with simple treatment (both with SeNPs and 50 mM NaCl) 
in the case of 50mM + SeNPs. Interestingly, in the 100mM saline treatment and combined with 
SeNPs, CAT activity showed very close values. 
   
Control 50mM NaCl 100mM NaCl 
   
NPs NPs + 50mM NaCl NPs + 100mM NaCl 
 
Fig. 1. Effect of treatment of Se NPS and NaCl solution (singular or combined) in 14-day-old 
Ocimum basilicum seedling 
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Fig. 2. SOD activity in 14-days-old Ocimum basilicum 
seedlings 
Fig. 3. CAT activity in 14-days-old Ocimum 
basilicum seedlings 
 
● Peroxidase is involved in the oxidation of many substrates in the presence of H2O2 with 
the production of H2O: AH2 + H2O2 → A + 2H2O. This enzyme is stimulated by the accumulation 
of H2O2, being able to remove this toxic compound. Compared to CAT, POD has an increased 
affinity for H2O2 but has a low processing rate. The obtained results indicate a decrease with 28% 
in POD activity in O. basilicum seedlings treated with SeNPs compared to the control. The 
combined treatment 50mM NaCl + SeNPs indicates stimulation of POD activity compared to 
50mM NaCl singular treatment and with the plants control (with 51%). In contrast, treatment 
combined with 100mM NaCl + SeNPs reveals a relatively similar activity to singular treatment 
and an increased compared to control (48%) (Figure 4). 
● Saline and SeNPs treatments applied singular and combined determined a stimulation 
of soluble protein content in basil seedlings compared to the plant control. Thus, singular SeNPs 
treatment improved the stimulation of soluble protein content with 51%. Both combined treatments 
stimulated the soluble protein content in relation to the single ones, the increase being more 
pronounced at 50mM + SeNPs compatively with the singular treatment (Figure 5). On the other 
hand, the highest amount of protein was obtained when applying 100mM + SeNPs treatments. It 
can be seen the SeNPs role in alleviate the adverse effect of salinity in terms of increasing the 
soluble proteins content. 
 
  
Fig. 4. POD activity in 14-days-old Ocimum basilicum 
seedlings 
Fig. 5. Soluble protein content in 14-days-old 
Ocimum basilicum seedlings 
 
● Lipid peroxidation induced by free radicals is also important in cell membrane damage. 
The level of lipid peroxidation, measured by the MDA content, was considered an indicator of 
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Almansa, 2002). Data of MDA content in 14-days-old O. basilicum seedlings in the presence of 
SeNPs and salinity are depicted in Figure 5. Therefore, singular SeNPs treatment applied to O. 
basilicum caused a slight decrease (10%) in MDA content as opposed to control. The lowest NaCl 
concentration applied singular leaded to the MDA content very similar to the control. In addition, 
both concentrations of NaCl in combination with SeNPs determined a decrease in MDA content 
compared to singular treatments (Figure 6).  
 
● High antioxidant activity is reported from different medicinal plants, and phenolic 
compounds and flavonoids are the usual antioxidants present in them. Figure 7 showed a decrease 




Fig. 6. MDA content in 14-days-old Ocimum basilicum 
seedlings 
Fig. 7. Polyphenol content in 14-days-old Ocimum 
basilicum seedlings 
 
Basil seedlings treated with singular SeNPs indicated a half-reduced (45%) polyphenol 
content compared to the plant control. Combined treatments with SeNPs and two NaCl 
concentrations applied determined a decrease in polyphenol content in relation to the 
corresponding saline treatments; the decrease being more pronounced at 100mM + SeNPs versus 




Singular treatments with SeNPs determined in 14-days-old O. basilicum seedlings, a 
decrease in the activity of antioxidant enzymes (SOD, CAT, POD), in total MDA and total 
polyphenols compared to the plant control. Furthermore, the same treatment stimulated the soluble 
protein content. 
Combined treatments with SeNPS and different concentrations of NaCl have resulted in 
a decrease in SOD activity in basil seedling as compared to the corresponding single treatments. 
The same downward trend was noted for MDA and total polyphenols contents when saline stress 
was alleviate by applying SeNPs. On the other hand, the protein content was stimulated by the 
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